S utherland and colleagues have performed a systematic review of the randomized controlled trials (RCT) that have been performed comparing surgical simulation technologies with other forms of surgical skills training. Their stated objective is to evaluate the effectiveness of surgical simulation compared with other training modalities in published RCTs. They conclude that simulation has not yet been shown to be better than other forms of training, based on a review of the relevant literature.
A fundamental problem in determining the effectiveness of surgical simulation has been an inability to frame the correct research question. Are the authors assessing simulation or simulators? The current generation of surgical simulators, which are the focus of most of the studies reviewed, are tools that aim to train an isolated technical skill (or set of skills). Simulation, on the other hand, is a set of techniques for re-creating aspects of the real world, typically to replace or amplify actual experiences. 1 A metaanalysis like that of Sutherland can only compare the studies that have already been done, asking narrow questions about specific simulators and specific skills. These questions may be important in their own right, and together they "chip away" at the big question that remains: "Does a comprehensive strategy of competency-based training, using multiple modalities including simulation and supervised clinical care, yield better outcomes for patients, fewer errors, or more efficient patient care and education than does the current system of mostly apprenticeship-based training?"
An excellent example of this distinction between simulator and simulation is the mannequin-based patient simulator. In isolation, the mannequin-based simulator is a mannequin device from which one may elicit some interesting physiologic responses, or which can support certain technical skills such as direct laryngoscopy and endotracheal intubation. As such, this may offer little utility except for early students and novices. But add to this a fully equipped hospital environment with a thoughtful scenario, and the "simulator" becomes part of a rich "simulation" that can provide a unique learning opportunity for individuals and teams. The question is not whether simulators are better than other training tools, but rather if simulation as part of a competency-based curriculum is an effective pedagogical strategy compared with the existing approach. Furthermore, might such an addition blunt the well-documented risks of the introduction of new technologies, such as the 10-fold increase in common bile duct injury rates seen in the early days of laparoscopic cholecystectomy?
A second concern is the view of simulators as somehow replacing other modalities of training. Sutherland and colleagues ask, ". . . can surgical simulation provide an alternative to standard surgical training?" No one, not even the most zealous proponents of simulation, would suggest making simulation a dominant form of surgical training, let alone replacing all existing forms of surgical training with computer-based simulation. Simulators, and simulation, are better seen as complementary tools, ones that may accelerate learning and enrich the real-world patient interactions, which will remain the cornerstone of medical education. As such, simulators should be assessed as part of a conglomerate of training tools, not in competition with them.
How does one make this assessment? In our zeal to perform the RCT with surgical simulation, we deny the value of other levels of evidence or forget the importance of framing the correct and often narrowly focused questions.
Don Norman, in his book, Things That Make Us Smart, pointed out "Humans are extremely complex, the most complex entity ever studied. Each of our actions is the result of multiple interactions, of a lifetime of experiences and knowledge, of subtle social relationships. The measurement tools of science try to strip away the complexities, studying a single variable at a time. But much of what is of value . . . results from the interaction of the parts: when we measure simple single variables, we miss the point."
The questions raised for surgical simulation to date are largely about whether simulation-based training for novices on techniques of minimally invasive surgery speeds learning and reduces errors.
Sutherland and colleagues find that the RCTs that have been performed are of poor quality. This may be true, and it is perhaps no surprise. New devices or drugs need regulatory approval before they can be sold, often to net markets of billions of dollars, thus providing ample incentives to manufacturers, or to government fundors, to conduct large and costly trials. Education and training, on the other hand, is at the bottom of the ladder and is no one's cash cow. As long as simulation and other issues of surgical education remain on the fringe of research funding interest, the quality of the research design will continue to suffer. We agree with Sutherland and colleagues that "adequately powered, well-designed, and unconfounded RCTs are needed," but the large, multi-institutional, long-term studies that are needed to achieve these goals are difficult to obtain without adequate funding.
Readers of this systematic review may conclude that simulation has little or no value. We are more optimistic than Sutherland and colleagues of the role of simulators and, more importantly, simulation in surgical education. The current generation of virtual reality simulators is akin to the "Atari" of the video game revolution. Surgical simulators are a technology in evolution. We would be remiss to discount their value, and that of simulation in general, based on the present small collection of randomized trials. Instead, simulation, like many other innovations, suffers from what we call the "tyranny of the null hypothesis." One can set the null hypothesis in different ways and create different expectations. Where is the evidence that our current system of highly variable apprenticeship-based approach to surgical training is optimally successful? Yes, the existing system seems to produce some safe surgeons (all readers will count themselves in this number!). Surely, the data on iatrogenic disease and medical errors, much of which has been most clearly identified in surgical practice (if only because it is easiest to detect here), suggest that the current system has flaws and limitations. It is not a far reach to consider that incorporating simulation into surgical education, if done thoughtfully, can only enrich the system. Rather than prematurely dismissing an entire and complex field, we would do well to think hard about the limitations of our current systems and the ways that new techniques, simulation foremost among them, might address the gaps and unmet needs. A few of these are as follows:
During training some conditions are seen/treated repeatedly, at progressively lower marginal rates of education and training, while other conditions, or variant presentations, are encountered rarely, if at all. Training in the operating room is expensive and uses scarce resources (ORs, OR nurses, and anesthesiologists). Much time is spent on elements of performance rather than the critical learning needs of the individual learners. Performance assessment is difficult, if not impossible, during real patient-care situations but may be facilitated in simulations where intensive and even intrusive recording of performance can be conducted. The needs for training and performance assessment go beyond technical to include decision-making, leadership, communication, and judgment, all of which are difficult to address solely in actual patient care. When difficult clinical situations arise, the more junior personnel are bumped aside so that the experts can be brought to bear. How do the juniors acquire this expertise? By "osmosis?"
How do other industries, such as aviation, justify their widespread (and expensive) use of simulation-based training?
We as a society do not allow these industries to skimp on training, even when it is costly. Acting through government, we establish a safety floor. Intensive competency-based training and assessment must be performed yearly by airline pilots regardless of prior experience or seniority. One can do the training in a real airplane, with the attendant risks, or one can do it in a simulator. Performance assessment is conducted yearly, both in real flights and in the simulator. These are not just "good ideas"; they are "the law."
No doubt, airline executives struggling to stem the flow of red ink in their industry would love to be able to mothball their simulators and reclaim pilots and flight attendants from their training days for revenue production. But the workers themselves would never stand for that. Airline pilots or nuclear power plant operators are (as the saying goes) "the first ones at the scene of the accident." If we ourselves were the first to experience a complication, might we be so cavalier about our haphazard system of training and assessment?
So, while we might all love to know if the systems of initial and recurrent training in hazardous industries could be foregone, we must recognize that no hazardous industry has anything remotely approaching level 1A "evidence" to support their practices. Answering the true question, "Does simulation save lives (or airplanes)?" may in fact be equally impossible for them as for health care. mize the information gained. Randomized trials may be sensible, but expectations of definitive trials may be excessive. Definitive tests of narrow questions (limited target populations, limited skills tested, limited outcome measures) may be possible, but even these will be difficult and costly to conduct. The real definitive questions may not be answerable without enormous trials with very long time horizons. Improved policies for education, training, and performance assessment in health care will likely need to lead the available data rather than follow them. The alternative is to stay with "business as usual" which, merely by inspection, has ugly warts and gaping wounds.
